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Description 

METHOD OF INTEGRATING HIGH 
VOLTAGE METAL OXIDE 

SEMICONDUCTOR DEVICES AND 
SUBMICRON METAL OXIDE 
SEMICONDUCTOR DEVICES 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention provides a method of making high 
voltage metal oxide semiconductor (HVMOS) devices and 
submicron metal oxide semiconductor (Submicron MOS) 
devices, and more particularity a method of integrating 
HVMOS devices and Submicron MOS devices with a shal- 
low trench technology. 

[0003] 2. Description of the Prior Art 

[0004] with the rapid growth of the integrated circuit (IC) market 
and the desire for highly integrated IC products, how to 



integrate HVMOS devices and Submicron MOSdevices, and 
how to simultaneously form a large number of both HV- 
MOS devices and Submicron MOS devices on a silicon 
wafer are important issues at the present time. 
[0005] please refer to Fig.l. Fig.l is a cross-sectional diagram of 
an HVMOS device 30 formed on a silicon substrate ac- 
cording to the prior art method. As shown in Fig.l, the 
HVMOS device 30 is formed on a silicon substrate 10. A 
shallow trench process is performed first to form a plural- 
ity of shallow trenchesl2,14 and to define at least one ac- 
tive regionl6 isolated by the shallow trenchesl2, 14 on 
the silicon substrate 10. Then, two not adjacent field ox- 
ide (FOX) layers 18,20 are formed on a surface of the ac- 
tive region 16. After that, a gate 22 is formed on the sur- 
face of the active region 16 between the two not adjacent 
field oxide layers 18,20, and a portion of the gate 22 cov- 
ers the field oxide layers 18,20. A first ion implantation 
processes is thereafter performed to form two first ion 
implantation regions24,26 on the surface of the active re- 
gion 16 not covered by the gate 22 and the field oxide 
layers 18,20.A second ion implantation process is then 
performed to form two second ion implantation re- 
gions28,32 underneath the field oxide layers 18,20. The 



first ion implantation regions24,26, being used as double 
diffused drains (DDD), are taken as a source and a drain 
of the HVMOS device 30. The second ion implantation re- 
gions28,32 are used as drift regions of the HVMOS device 
30. 

[0006] However, smaller feature size in integrated circuits is al- 
ways a dominant factor in driving technology progress. As 
the feature size becomes small, the drift regions 28,32 of 
the HVMOS device 30 underneath the field oxide layers 
18,20 become an issue since the internal stress generated 
by the field oxide layers 18, 20 and the bird beak en- 
croaching the field oxide layers 18, 20limit the minimum 
feature sizes of the drift regions 28,32 of the HVMOS de- 
vice 30. 

[0007] please refer to Fig. 2. Fig. 2 is a cross-sectional diagram of 
an HVMOS device 52 and a Submicron device 56 formed 
on a silicon substrate according to the prior art method. 
The HVMOS device52 and the submicron MOS device 
56are formed on a silicon substrate 40. A shallow trench 
process is performed first to form a plurality of shallow 
trenches42, 44, 46 on the silicon substrate 40. At the 
same time, at least one active region48 of the HVMOS de- 
vice 52 and at least one active region 54 of the Submicron 



MOS device 56, isolated by shallow trenches42, 44, 46, 
are defined on the silicon substrate 40. After that, two not 
adjacent field oxide layers 58,62 of the HVMOS device 52 
are formed on the surface of the active region 48.A thick 
gate oxide layer (not shown) is thereafter formed on the 
surface of the silicon substrate 40. Next, portions of the 
thick gate oxide layer (not shown) not defined as a thick 
gate oxide region 64 of the HVMOS device 52 is etched 
and removed to form the thick gate oxide region 64 of the 
HVMOS device 52. 

[0008] Because the thick gate oxide layer (not shown) and the 
shallow trenches42,44,46 are all made of silicon oxide, 
divots 66, 68 are formed near the top corner of the shal- 
low trenches 44,46 around the Submicron MOS device 56, 
when an etching process is performed to the thick gate 
oxide layer (not shown) of the HVMOS device 52. The div- 
ots66, 68 result in a kink effect that reduces the threshold 
voltage. In addition, polysilicon may fill in the divots66, 
68 in the subsequent poly gate process to generate a 
leakage current. It is thus difficult to integrate both HV- 
MOS devices and Submicron MOS devices having small 
feature sizes on a silicon wafer. 

[0009] Therefore, it is very important to develop a method of in- 



tegrating HVMOS devices and Submicron MOS devices 

having small features on the silicon wafer to avoid the 

kink effect. 
Summary of Invention 

[0010] it is therefore a primary objective of the claimed invention 
to provide a method of integrating HVMOS devices and 
Submicron MOS devices on a silicon substrate with a shal- 
low trench technology to solve the above-mentioned 
problems. 

[0011] According to the claimed invention, a method of integrat- 
ing at least one high voltage metal oxide semiconductor 
device and at least one Submicron metal oxide semicon- 
ductor device on a substrate is provided. The method 
comprises: providing the substrate, forming a plurality of 
shallow trenches having different depths on a surface of 
the substrate, and forming a plurality of silicon oxide lay- 
ers filling up the shallow trenches, and a top of each of 
the silicon oxide layers being in the shape of a mushroom. 

[0012] it j S an advantage of the claimed invention to integrate the 
HVMOS devices and the Submicron MOS devices with a 
shallow trench technology. Because the size of a shallow 
trench is easily controlled to fulfill requirements of de- 
vices, the integration of the HVMOS devices and the Sub- 



micron MOS devices can be achieved by utilizing the shal- 
low trenches having different depths. First, the shallow 
trenches can replace the two not adjacent field oxide lay- 
ers to minimize the feature size of drift regions of the HV- 
MOS devices when the shallow trenches are used as the 
drift shallow trenches. Secondly, the shallow trenches can 
isolate the HVMOS devices and the Submicron MOS de- 
vices when the shallow trenches are used as the isolation 
shallow trenches. In addition, in order to fabricate the HV- 
MOS devices and the Submicron MOS devices having sat- 
isfied performances, the depth of the shallow trenches of 
the Submicron MOS devices is greater than the depth of 
the shallow trenches of the HVMOS devices, and the depth 
of the isolation shallow trenches is greater than the depth 
of the drift shallow trenches. 
[0013] Moreover, to form the silicon oxide layers, filling up the 
shallow trenches, have tops in the shape of a mushroom 
can effectively avoid the formation of divots, near the top 
corners of the shallow trenches around the Submicron de- 
vices, during the etching process when forming thick gate 
oxide region of the HVMOS devices. The kink effect is thus 
avoided to fabricate products having superior perfor- 
mances. 



[0014] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0015] Fig.l is a cross-sectional diagram of an HVMOS device 
formed on a silicon substrate according to the prior art 
method. 

[0016] pig. 2 is a cross-sectional diagram of an HVMOS device 

and a Submicron device formed on a silicon substrate ac- 
cording to the prior art method. 

[0017] pig. 3 is a cross-sectional diagram of an HVMOS device 

and a submicron MOS device formed on a silicon substrate 
according to the present invention method. 

[0018] Fig. 4 to Fig. 9 are cross-sectional diagrams illustrating a 
method for forming the HVMOS device and the Submicron 
MOS device on the silicon substrate depicted in Fig. 3 ac- 
cording to the present invention. 

[0019] Fig. 10 is a cross-sectional diagram of a (+/-) HVMOSde- 

vice and a Submicron MOS device formed on a silicon 

substrate according to the present invention method. 
Detailed Description 



[0020] please refer to Fig. 3. Fig. 3 is a cross-sectional diagram 
of an HVMOS device302and a Submicron MOS device 304 
formed on a silicon substrate 300 according to the 
present invention method. The HVMOS device 302 oper- 
ates at a voltage level higher than or equal to 24V, and 
the Submicron MOS device 304 operates at a voltage level 
less than or equal to 2.5V. 

[0021] The HVMOS device302 comprises a first well region 306 
of a first conductive type formed on a surface of the sili- 
con substrate 300 of the first conductive type. A plurality 
of shallow trenches 312,314,316,318, including drift 
shallow trenches 314,316 and isolation shallow trenches 
312,318, are formed on the surface of the silicon sub- 
strate 300. A source 308 and a drain 310, both of a sec- 
ond conductive type, are formed on the surface of the sili- 
con substrate 300. A gate 320 is formed on the surface of 
the silicon substrate300 between the source region 308 
and the drain region 310, with a portion of the gate 320 
covering the two not adjacent drift shallow 
trenches314,316 in the active region 322. Two drift re- 
gions324,326 of the second conductive type are formed 
underneath the two drift shallow trenches314,316. Two 
isolation regions 328,330 of the second conductive type 



are formed underneath the two isolation shallow trenches 
312,318. The first and second conductive types are oppo- 
site to each other. 

[0022] The Submicron MOS device304 comprises a well region 
332 of the first conductive type formed on the surface of 
the silicon substrate 300. A plurality of shallow trenches 
334,336 are formed on the surface of the silicon sub- 
strate300. A source region 338 and a drain region 340, 
both of the second conductive type, as well as a gate 
342are formed on the surface of the silicon substrate 300. 
The gate 342 is located between the source region 338 
and the drain region 340.A salicide layer 344 is formed on 
a surface of the source region 338, the drain region 340, 
and the gate 342 in the active region 346. 

[0023] | n the preferred embodiment of the present invention, the 
first conductive type is P type and the second conductive 
type is N type, and an N type HVMOS device is formed. 
Oppositely, if a P type HVMOS device is to be formed, the 
first conductive type is N type and the second conductive 
type is P type. Moreover, the depths of the shallow 
trenches 312,314,316,318 in the HVMOS device 302 and 
the depth of the shallow trenches 334,336 in Submicron 
MOS device 304 are different from each other. The depth 



of the shallow trenches 334,336 of the Submicron MOS 
device 304 is greater than the depths of shallow trenches 
312,314,316,318 of the HVMOS device 302. 

[0024] please refer to Fig. 4 to Fig. 9. Fig. 4 to Fig. 9 are cross- 
sectional diagrams illustrating a method for forming the 
HVMOS device302and the Submicron MOS device 304 on 
the silicon substrate 300 depicted in Fig. 3 according to 
the present invention. As shown in Fig. 4, a P-type well re- 
gion 306 of the HVMOS device 302 is formed on the P- 
type silicon substrate 300 first. 

[0025] As shown in Fig. 5, a shallow trench process is then per- 
formed to form the shallow trenches 316,318,334,336, 
having different depths, of the HVMOS device 302 and the 
Submicron device 304. First, a silicon nitride layer 350is 
formed on a surface of a pad oxide layer 352, and the pad 
oxide layer 352 is previously formed on the silicon sub- 
strate 300.Then,a first photolithographic process is per- 
formed to define a first photoresist layer(not shown), on a 
surface of the silicon nitride layer 350, by utilizing a first 
mask. Hard mask patterns (not shown) corresponding to 
the HVMOS device 302 are thus formed in the first pho- 
toresist layer(not shown). The first mask is produced by 
tooling database of active regions outside the Submicron 



MOS device 304. A first etching process is thereafter per- 
formed to remove the silicon nitride layer 350 not covered 
by the first photoresist layer(not shown), followed by a 
second etching process to remove the silicon substrate 
300 not covered by the silicon nitride layer 350to com- 
plete the fabrication of the shallow trenches316,318 of 
the HVMOS device 302. Finally, the first photoresist 
layer(not shown) is removed. 

[0026] Actually, the depth of the shallow trench 3 16 may be dif- 
ferent from the depth of the shallow trench 318. Since the 
shallow trench 316 is used as a drift shallow trench and 
the shallow trench 318 is used as an isolation trench, the 
depth of the shallow trench 318 is greater than the depth 
of the shallow trench 316 (as shown in Fig. 3). Under the 
circumstances, the above-mentioned shallow trench pro- 
cess is performed to form the shallow trench 316 or the 
shallow trench 318 first. Then another shallow trench 
process is performed to form the shallow trench 318 or 
the shallow trench 316. 

[0027] Next, a second photolithographic process is performed to 
define a second photoresist layer(not shown), on the sur- 
face of the silicon nitride layer 350, by utilizing a second 
mask. Hard mask patterns (not shown) corresponding to 



the Submicron MOS device 304 are thus formed in the 
second photoresist layer(not shown). The second mask is 
produced by tooling database of active regions of the 
Submicron MOS device 304. After that, a third etching 
process is performed to remove the silicon nitride layer 
350 not covered by the second photoresist layer(not 
shown), followed by a fourth etching process to remove 
the silicon substrate 300 not covered by the silicon nitride 
layer 350to complete the fabrication of the shallow 
trenches334,336 of the submicron MOS device 304. Fi- 
nally, the second photoresist layer(not shown) is removed. 
Particularly, the depth Dl of the shallow trenches 334, 
336 of the Submicron MOS device 304 is greater than the 
depth D2 of the shallow trenches 316,318 of the HVMOS 
device 302. The depth D2 of the shallow trenches 
334,336 of the Submicron MOS device 304 is approxi- 
mately 4000A, and the depth Dl of the shallow trenches 
316,318 in the HVMOS device 302 is approximately 
2500A. 

[0028] As shown in Fig. 6, a common pullback process is there- 
after carried out. By performing an isotropic etching pro- 
cess, portions of the silicon nitride layer 350 is removed 
along an interface of the pad oxide layer 352 and the sili- 



con nitride layer 350 to a thickness of 100-300 
angstroms. At least one recess 366 is thus formed and the 
recess 366 is used for expanding the opening of the sili- 
con nitride layer 350on top of the shallow 
trenches3 16,3 18,334,336. 
[0029] As shown in Fig. 7, at least one silicon oxide layer 354, 
filling up the shallow trenches 316,318,334,336, has a 
top in the shape of a mushroom is formed. First, an oxi- 
dation process is performed to form a liner oxide layer 
(not shown) in the inner surface of the shallow 
trenches316,318,334,336, and the linear oxide layer (not 
shown) functions as a protective layer. Then, an atmo- 
spheric pressure chemical vapor deposition (APCVD) pro- 
cess is performed to form a silicon oxide layer 354 filling 
up the shallow trenches 316,318,334,336 on the silicon 
substrate 300. Next, a chemical mechanical polishing 
(CMP) process is performed to remove the silicon oxide 
layer 354 above the top surface of the silicon nitride layer 
350 so that a top surface of the silicon oxide layer 354 is 
aligned with the top surface of the silicon nitride layer 350 
(please refer back to Fig. 6). After that, the silicon nitride 
layer 350 is removed. Finally, the pad oxide layer (not 
shown)is removed to result in the top of the silicon oxide 



layer 354 filling up the shallow trenches 316,318,334,336 
presents as a mushroom shape. To make the tops of the 
silicon oxide layers 354 filling up the shallow trenches 
316,318,334,336 in the shape of a mushroom is to pro- 
tect the shallow trenches 334,336 from forming divots 
during the etching process when defining the thick gate 
oxide region of the HVMOS device 302. Then, a P-type 
well region 368 of the Submicron MOS device 304 is 
formed. 

[0030] As shown in Fig. 8, gate oxide regions 356,358 having 

different sizes are respectively formed for the HVMOS de- 
vice 302 and the Submicron MOS device 304. First, a thick 
gate oxide layer (not shown) is formed on the silicon sub- 
strate 300, and a thickness of the thick gate oxide layer 
(not shown) is approximately 700A.Then, a first drift ion 
implantation process is performed to form N-type drift 
regions 324,326 underneath the drift shallow trenches 
314,316 of the HVMOS device 302. Next, a second ion 
implantation process is performed to form N-type isola- 
tion regions 328,330 underneath the isolation shallow 
trenches 312,318. The isolation regions 328,330 are used 
for preventing the Submicron MOS device 304 from any 
impact incurred from the high operation voltage of the 



HVMOS device 302. 

[0031] After that, a third photolithographic process is performed 
to form a third photoresist layer(not shown) on a surface 
of the thick gate oxide layer (not shown) to define a gate 
oxide region 356 of the HVMOS device 302. A fifth etch- 
ing process is thereafter performed to etch the thick gate 
oxide layer (not shown) not covered by the third photore- 
sist layer (not shown) to form the gate oxide region 356 
and followed by removing the third photoresist layer(not 
shown). Since the tops of the silicon oxide layers 354 that 
filling up the trenches 334,336 are in a mushroom shape, 
the shallow trenches 334, 336 are protected during the 
fifth etching process. As a result, divots near the top cor- 
ner of the shallow trenches 334,336 of the Submicron 
MOS device 304 are not formed. 

[0032] a thin gate oxide region 358 of the Submicron MOS device 
304 is thereafter formed. First, a thin gate oxide layer (not 
shown) is formed on the silicon substrate 300, and a 
thickness of the thin gate oxide layer (not shown) is ap- 
proximately 50A. Then, a fourth photolithographic pro- 
cess is performed to form a fourth photoresist layer(not 
shown) on a surface of the thin gate oxide layer (not 
shown) to define the gate oxide region 358 of the Submi- 



cron MOS device 304. Next, a sixth etching process is 
performed to etch the thin gate oxide layer (not shown) 
not covered by the photoresist layer (not shown) to form 
the thin gate oxide region 358 of the Submicron MOS de- 
vice 304 and followed by removing the fourth photoresist 
layer(not shown). 

[0033] As shown in Fig. 9, poly gate regions 360,362 having dif- 
ferent sizes are respectively formed for the HVMOS device 
302 and the Submicron MOS device 304. First a polysili- 
con layer (not shown) is formed on the surface of silicon 
substrate 300. Then, a fifth photolithographic process is 
performed to form a fifth photoresist layer(not indicated) 
on a surface of the polysilicon layer, and a seventh etch- 
ing process is performed to form a poly gate region 362 
of the Submicron MOS device 304 and followed by remov- 
ing the fifth photoresist layer (not shown). Next, a sixth 
photolithographic process is performed to form a sixth 
photoresist layer(not shown) on the surface of the polysil- 
iocn layer (not shown), and an eighth etching process is 
performed to form a poly gate region 360 of the HVMOS 
MOS device 302 and followed by removing the sixth pho- 
toresist layer (not shown). 

[0034] it j S worth noting that the poly gate region 360 and the 



poly gate region 362 may be formed in one photolitho- 
graphic process. The thick gate oxide region 356 and the 
thin gate oxide region 358 may be simultaneously formed 
when forming the poly gate region 360 and the poly gate 
region 362, respectively. In addition, the thin gate oxide 
layer (not shown) may be retained to skip one photolitho- 
graphic and one etching processes. Under theses circum- 
stances, the thin gate oxide layer (not shown) underneath 
the poly gate region 362 is taken as the thin gate oxide 
region 358. 

[0035] a third ion implantation process is thereafter performed 
to form two N-type third ion implantation regions 
308,310 on the surface of the active region 322 of the 
HVMOS MOS device 302.The third ion implantation re- 
gions 308,310, being used as double diffuse drains(DDD), 
function as a source and a drain of the HVMOS MOS device 
302. Next, a fourth ion implantation process is performed 
to form two N-type fourth ion implantation regions 
338,340 on the surface of the active region 346 of the 
Submicron MOS device 304.The fourth ion implantation 
regions 338,340, being used as double diffuse drains, 
function as a source and a drain of a Submicron MOS de- 
vice 304. Finally, a salicide layer 344 is formed on the ac- 



tive region 346 of the submicron MOS device 304. 
[0036] The present invention method for integrating the HVMOS 
device and the Submicron MOS device on the silicon sub- 
strate with shallow trenches having different depths can 
not only apply to an HVMOS device operated under + 
voltage, but also apply to an HVMOS device operated un- 
der (+/-) voltage (a +/- HVMOS device). The HVMOS de- 
vice is operated at +/- voltage higher than/equal to 24V 
and the Submicron MOS device is operated at less than/ 
equal to 2.5V. 

[0037] a s shown in Fig. Fig. 10, Fig. Fig. 10 is a cross-sectional 
diagram of a (+/-) HVMOSdevice 402 and a Submicron 
MOS device 404 formed on a silicon substrate 400 ac- 
cording to the present invention method . The only differ- 
ence between Fig. 10 and Fig. 3 is that one step to form a 
deep well region of a the Submicrom MOS device 404 hav- 
ing an opposite conductivity conductive type with a con- 
ductivity type to the silicon substrate 400 is performed. 
First, the N-type deep well region 478 of an HVMOS de- 
vice302 comprising a well region 306 of a first conductiv- 
ity type and athe Submicron MOS device 404 is compris- 
ing formed, and then a P-type well region 406 of the HV- 
MOS device 402 are all is formed on the P-type silicon 



substrate 400. 300 The deep well region 478 having the 
opposite a conductive type to the silicon substrate 400 in 
order to prevents a back bias effect between anthe HVMOS 
device 402 and athe Submicron MOS device 404. After 
that, a plurality of shallow trenches 
412,414,416,418,434,436 are formed and all the subse- 
quent steps are the same as those previously described in 
Fig. 4 to Fig. 9. 

[0038] | n contrast to the prior art method, the present invention 
method integrates the HVMOS devices and the Submicron 
MOS devices with the shallow trenches having different 
depths. Not only are the drift regions formed underneath 
the two not adjacent shallow trenches in the active region 
of the HVMOS devices, but also the shallow trenches are 
used for isolating the HVMOS devices and the Submicron 
devices. Therefore, the present invention can simultane- 
ously form a large number of both the HVMOS devices and 
the Submicron MOS devices on the silicon substrate with- 
out resulting in the kink effect. 

[0039] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 



only by the metes and bounds of the appended claims. 



